The angiotensin-receptor-neprilysin inhibitor (ARNI) reduced cardiovascular deaths and heart failure hospitalization in patients with heart failure of reduced ejection fraction (HFrEF). Its role in non-HFrEF patients was not clear. This study aims to answer this question.
Introduction
Heart failure, a clinical syndrome resulting from structural or functional damage, has become a major global epidemic, with increasing prevalence, clinical impact and cost. With the aging of the population and the therapeutic advancements, the survival of patients with HF improve significantly. [1] Left ventricular ejection fraction (LVEF) is used to define systolic function and has been the central determinant of prognosis in heart failure. [2] In 2016, European Society Cardiology divided heart failure according to LVEF into 3 groups, heart failure with reduced ejection fraction (HFrEF, LVEF < 40%), heart failure with midrange ejection fraction (HFmrEF, LVEF: 40-49%) and heart failure with preserved ejection fraction (HFpEF, LVEF ≥ 50%). [3] Actually, approximately a third to a half of all patients with symptomatic heart failure have preserved ejection fraction. [4, 5] The features, triggers, prognosis and response to therapy of HFpEF patients are different from those of HFrEF patients. Some studies demonstrate that patients with HFpEF have lower mortality rate and hospitalization rate. [2, 6, 7] However, other clinical trials reported opposite conclusions, indicating that HFpEF patients had worse prognosis in terms of re-hospitalization and mortality. [8, 9] Sacubitril/valsartan is the first angiotensin receptor neprilysin inhibitor that are recommended to HFrEF patients. [10, 11] Sacubitril/valsartan has been regarded as a more effective alternative to angiotensin-converting enzyme inhibitor to be used together with other evidence-based treatments for HFrEF. [12] However, there so far are no evidence about the effect of sacubitril/valsartan used in HFmrEF and HFpEF patients ( Table 2 ).
In this retrospective study, we will examine outcomes in non-HFrEF patients receiving sacubitril/valsartan vs ACE inhibitors according to the background use of b-blockers, mineralocorticoid receptor antagonists (MRAs), diuretics.
Methods

Study design and patients
We consecutively referred patients admitted to our hospital and diagnosed with heart failure from February 2016 to January 2017, the included flow chart was shown in supplementary material figure, http://links.lww.com/MD/D260. Patients who presented with signs or symptoms of HF (dyspnea, fatigue, and exercise intolerance) consistent with LVEF ≥ 40% according to their echocardiography, magnetic resonance imaging, or nuclide perfusion scan result, and with evidence of diastolic dysfunction, [13] were considered suitable for screening.
Exclusion criteria includes patients with age under 18 years old, patients with symptomatic hypotension, estimated glomerular filtration rate (eGFR) <30 mL/min/1.73m 2 , potassium concentration >5.2 mmol/L at screening, or history of angioedema, established or suspected pulmonary diseases (spirometry results <80% of age-and sex-specific reference values); adrenocortical, hepatic, rheumatic, neoplastic, skeletal, thyroid, patients identified pregnancy; any organic and/or psychiatric disorder that might hinder the content completion of health-related questionnaire.
Follow-up and end points
Patients were followed up by phone calls or clinical visits, the median duration of follow-up was 2 years. All of them were censored in survival analysis. The medication adherence and presence of all-cause mortality or HF-related hospitalization were investigated. During the follow-up, all patients received MLHFQ, one of the most widely used health-related quality of life questionnaires for heart failure patients. [14] [15] [16] the MLHFQ is a self-administered disease-specific questionnaire for patients with HF, comprising 21 items representing different degrees of impact of HF on heart related quality of life (HRQoL), from 0 (none) to 5 (very much). It provides a total score (range 0-105), scores for two dimensions, physical limitations (questions 2-7 and 12-12, range 0-40) and emotional limitations (questions 17-21, range 0-25). Higher scores indicate worse HRQoL, and the questions cover symptoms and signs that are relevant to HF. Other endpoints included all-cause mortality or HF-related hospitalization was examined during follow-up.
Statistical analysis
All continuous variables are presented as the mean ± SD, and analysis of variance was used to compare means across multiple groups. Noncontinuous and categorical variables are presented as frequencies or percentages and were compared using the Chi-square test. The Chi-square test was used for the comparison of the endpoints. The absolute differences on endpoints between groups and the corresponding 95% confidence intervals were reported. The Kaplan-Meier curve method was used to calculate time to clinical endpoints, and the log-rank test was used to compare the survival curves. The Cox proportional hazards model was further applied to estimate the potential factors involved in the interaction analysis. Statistical interactions between the clinical factors and anti-HF strategies were tested by multiple regression models. The 2-year follow-up MLHFQ scores were also compared by ANOVA test. All P values were 2sided, and P < .05 was considered statistically significant.
Internal reliability of the MLHFQ
Cronbach alpha was used to determine the internal consistency of the MLHFQ domains among patients in the three subgroups, separately. Cronbach alpha evaluates the internal consistency of the items within a domain. Values ranged from 0 to 1, with larger values providing greater consistency. [17] A value ≧0.70 was considered satisfactory internal consistency. To examine whether the MLHFQ physical domains were compared across categories of New York Heart Association (NYHA) functional class, a 2way ANOVA was conducted.
Results
Out of 956 patients enrolled, 28 of them were lost in follow-up they refused to complete the questionnaire, and 928 patients were finally included in the study. All patients provided informed consent. According to patients' medical history, 492 of them were assigned into placebo group, defining patients received ACEI after discharge from hospital; 436 patients received sacubitril/ valsartan 200 mg twice daily for more than 1 month. The detail clinical information recorded at the time of patients' inclusion was shown in Table 1 . Figure 1 showed the cumulative Kaplan-Meier estimates of endpoints, ARNI could reduce the incidence of CV death or HF hospitalization ( Fig. 1A , P = .042) and HF hospitalization ( Fig. 1C , P = .035) but not for CV death (Fig. 1B, P = .498 ) and all-cause death ( Fig. 1D , P = .428).
Subgroup analysis of endpoints
In the following analysis, we applied an interaction effect to figure out the relationship of different clinical factors to different anti-HF strategies. We first identified the potential clinical factors associated with CV death or HF hospitalization using a COX Table 3 ; 4 factors including age, diuretics usage, heart rate, and atrial fibrillation history were revealed to be associated with outcomes. The stratified analysis revealed that participants with age less than 70 years old had a lower incidence of CV death or HF hospitalization (HR: 1.194, 95%CI: 1.011-1992, P = .031) after treated with ARNI, comparing with ACEI. In addition, patients received diuretics could benefit from ARNI (HR: 1.383, 95%CI: 1.082-1.471, P = .019). Similar results were also observed in patients with heart rate lower than 90 bpm (HR: 1.556, 95%CI: 1.045-2.386, P = .003) and patients with atrial fibrillation history (HR: 1.873, 95%CI: 1.420-2.809, P = .011).
Then we compared the survival analysis in these 2 groups according to the screening factors from the interaction analysis. From Figure 2 , we could see that in subgroup of age <70 years old, ARNI could reduce the incidence of outcomes, comparing with ACEI. After optimal treatment and with heart rate <90 bpm, patients receiving ARNI suffered lower incidence of outcomes. ARNI could only reduce the incidence of outcomes after treatment with diuretics. Patients with history of atrial fibrillation could benefit from ARNI.
MLHFQ
Quality of life is one of the most important criteria to assess the treatment effect of HF patients. In this study, we first identified the internal consistence of MLHFQ data we got from follow-up. According to supplementary material Table 1 , http://links.lww. com/MD/D260, it showed good internal reliability. Also, as shown in supplementary material Table 2 , http://links.lww.com/ MD/D260, MLHFQ physical domain were highly correlated to NYHA class in both anti-HF groups. From Figure 3 , we could see that ARNI could improve the quality of life both from the total, emotional, and physical aspects.
Discussion
Approximately half of hospitalizations for the syndrome of heart failure occurred in patients with preserved or mid-range ejection fraction. The angiotensin receptor neprilysin inhibitor sacubitril/ valsartan shown to be superior to enalapril in patients with heart failure with reduced ejection fraction and reduced both death and heart failure hospitalization. [18] There was no evidence about the effect of ARNI usage in HF patients with preserved ejection fraction. HFpEF was identified characterized left ventricular remodeling and diastolic dysfunction, [19] which may be through macrophage inflammation, and low levels of nitric oxide and cyclic guanosine monophosphate (cGMP). Previous studies implied that impairment of the natruretice peptide system may be integral to the pathophysiologic changes in pre-clinical diastolic dysfunction. [20] cGMP is an important second messenger molecule targeting protein kinase G resulting in beneficial actions in heart. cGMP therapies are currently employed in the treatment of heart failure. [21] Our present study enrolled patients diagnosed with heart failure with LVEF higher than 40%, we investigated the impact of ARNI on HF patients after treatment with optimal strategies. The use of ARNI in patients with non-HFrEF can significantly reduce the rate of CV death or HF hospitalization. A similar benefit was also seen for the reduction in HF hospitalization while good prognosis was not observed in all-cause death and CV death. Additionally, 4 factors including age, diuretics usage, heart rate and atrial fibrillation history. Patients older than 70 years old may not benefit from ARNI, as the underlying mechanism of ARNI has not been identified very clearly, we could not definitely make out the reason accounting for this situation. What is more, we need more data to prove our conclusion. Heart rate is a powerful independent predictor of outcome in patients with heart failure and therapeutic interventions targeted. [22] [23] [24] In our study, patients with heart rate higher than 70 bpm could not benefit from ARNI, according to current guideline, ARNI is recommended when the optimal therapies are involved. We held the idea that the patients did not benefit from ARNI due to the heart rate were not reaching the standard.
Heart failure and atrial fibrillation are common conditions increasing in prevalence and reducing the quality of life, atrial fibrillation is a cause and consequence of heart failure and associated with three-fold increased risk of incident heart failure. [25] Our study demonstrated that ARNI can reduce the outcome incidence in HF patients coexisted with atrial fibrillation, it has been reported that atrial fibrillation could increase the serum brain natriuretic peptide, [26] indicating the severity of heart function. The increasing vasoactive peptides strengthen the effect of neprilysin inhibitor.
The health-related quality of life, that reflects the impact of HF on their daily life, is an important outcome for patients with heart failure, who suffer from not only physical but also emotional pains in their end status of various cardiovascular diseases. It is extremely important for physician to evaluate both the psychosomatic state and efficacy of therapy. In this study, we surveyed the quality of life among all patients enrolled through a commonly used questionnaire, MLHFQ. The results showed that ARNI could indeed increase the quality of life in heart failure patients, which was consistent with previous results in HFrEF patients. [27] The data of adverse events of interest, including symptomatic hypotension, elevation in serum creatinine > 2.5 mg/dL were also collected, the hypotension incidence was 5.6% in sacubritril/ valsartan group, comparing with 4.1% in ACEI group. This incidence was much lower than that reported in the PARADIGM-HF trial. [28] This may be due to the different characteristics of included patients.
Several potential limitations apply to our results. First, the features, triggers, prognosis, and response to therapy of patients with preserved and mid-range EF are different from those with reduced EF. Due to the relatively small sample, we did not separate patients diagnosed with HFmrEF and HFpEF. Second, this was a retrospective analysis and background therapy, which may cause bias on the prognosis.
Conclusions
Many of the results of our analysis show ARNI is an efficacy treatment strategy to improve the outcome and quality of life in patients with non-HFrEF, while further studies are needed to replicate and extend our findings including the measurement of the structure and diastolic function during the follow-up period.
